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(54) Oxygen production by adsorption 

(57) A process for producing an oxygen enriched 
product includes: (a) providing a gas separation appa- 
ratus having at least one bed containing a mixture of at 
least two different nitrogen selective adsorbents, where- 
in the at least one bed is free of lithium cations; (b) feed- 
ing a feed gas containing oxygen and nitrogen into the 
gas separation apparatus to contact the at least one 
bed; and (c) recovering from the gas separation appa- 
ratus the oxygen enriched product. The process Is pref- 
erably performed above ambient temperature and/or In 
a simplified four-step cycle. The cycle Includes: (a) feed- 



ing a feed gas containing oxygen Into a gas separation 
apparatus to contact at least one bed of the apparatus 
with the feed gas, wherein the feed gas is at a temper- 
ature above ambient; (b) countercurrently evacuating 
the at least one bed following the feeding; (c) counter- 
cun^enlly purging the at least one bed with the oxygen 
enriched product under vacuum; and (d) simuitaneousiy 
pressurizing the at least one bed with a countencurrent 
stre£im of the oxygen enriched product and a cocurrent 
stream of the feed gas. 
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Descriptfon 

BACKGROUND OF THE INVENTION 

[0001] This Invention relates generally to the separation of oxygen from gas mixtures, such as air. More particularly, 
the invention relates to the use of mixed adsorbents in the adsorber, a higher air feed temperature, and/or a simpler 
vacuum swing adsorp lion/pressure swing adsorption (VSA/PSA) prcx:ess design to separate oxygen from air. 
[0002] In numerous chemical processing, refinery, metal production and other Industrial applications, purified gas 
streams are employed for a variety of processing purposes. For example, high purity oxygen is used in chemical 
processing^ steel mills, paper mills, and in Jeed and gas production operations. Oxygen and nitrogen are produced 
from air, typically by cryogenic distillation for large size applications. While such cryogenic processing can be very 
efficient, particularly when conducted In large size plants, it nevertheless requires complex and costly equipment. 
[0003] Vacuum swing adsorption/pressure swing adsorption processes have also been used to separate and purify 
gases, but the production of oxygen by the VSA/PSA approach has generally been confined to relatively small-sized 
operations with respect to which the use of cryogenic air separation may not be economically feasible. Many commonly 
available adsorbents, particularly the class of materials known as molecular sieves or zeolites, selectively adsorb ni- 
trogen more strongly than oxygen, and this preferential adsorption Is the basis of a variety of VSA/PSA processes that 
have been developed for the separation of air to produce oxygen and nitrogen product gas. 

[0004] In the VSA/PSA process, a feed gas mixture, such as air, containing a more readily adsorbable component 

2o and a less readily adsorbable component, e.g., the nitrogen and oxygen components of air, Is passed to the teed end 
of an adsorbent bed capable of selectively adsorbing the more readily adsorbable component at a higher adsorption 
pressure. Most of the less readily adsoriaable component passes through the bed and is recovered from the discharge 
end of the bed. Thereafter, the bed is depressurlzed to a lower desorptlon pressure for desorption of the more readily 
adsorbable component, and its removal from the feed end of the bed prior to repressurization with feed gas and or 

25 less readily adsorbed component, and introduction of fresh feed gas for adsorption as cyclic adsorption-desorption- 
repressurization operations are continued in the bed. Such VS/\/PSA processings commonly carried out in multi-bed 
systems, with each bed employing the same VSA/PSA processing sequence on a cyclic basis interrelated to the car- 
rying out of such processing sequence In the other beds of the adsorption system. In VSA/PSA systems forthe recovery 
of moderate to high purity oxygen (80-95% Og) product as the less readily adsorbable component of air, each adsorbent 

30 bed will commonly contain an adsorisent material capable of selectively adsoriDing nitrogen as the more readily ad- 
sorbable component, with the seiectiveiy adsorbed nitrogen being subsequently desorbed and removed from the bed 
upon reduction of the pressure of the bed from the higher adsorption pressure level to a lower desorption pressure 
level. VS/VPSA systems tor the recovery of nitrogen product have likewise been based on the use of adsoribents that 
selectively adsorb nitrogen from air as the more readily adsorbable component thereof. 

35 [0005] There are various techniques that exist to separate nitrogen from oxygen. For Instance, U.S. Pal. No. 
4,329,158 to Sircar discloses a process for the separation of nitrogen from oxygen wherein a pretreatment adsorptrve 
separation of water and carison dioxide is performed priorto the bulk separation of themajorconstftuents of air. Nitrogen 
enriched waste gas is utilized from the bulk separation portion of the process to regenerate the pretreatment portion 
of the process. The bull< separation of nitrogen from oxygen Is perfonned with an elevated temperature adsorption of 

40 nitrogen, a desorption of bulk separation beds to a lower pressure, a purge of the beds with product oxygen after 
desorption countercurrently andtwo steps of repressurization to elevated pressure first with waste gas which is nitrogen 
enriched and secondly wfth product oxygen. 

[0006] U.S. Pat. No. 5,882,380 to Sircar describes a singie-bed PSA system comprising a blower, an adsorber vessel, 
anda gas product storagetank that separates agas mixture using athree-step cycle comprising adsorption, evacuation, 
45 and pressurization used to separate nitrogen from a feed air Pressurization is accomplished by introducing gas from 
the gas product storage tank Into both the feed end and the product end of the adsorber vessel. Preferably a portion 
of the pressurization gas is introduced into the adsort^er vessel by the blower, which also is used for provWing feed to 
the adsorber and for withdrawing gas from the adsorber during the evacuation step. 

[0007] Ackley et al. (European Patent Application No. 0 963 777) discioses a PSA apparatus forthe separation of a 
so heavy component from a light component in a feed stream. The apparatus Includes an adsorbent bed comprising either 
a mixture of adsorbents or composite adsorbent particles wherein each particle comprises two or more adsorbents. 
At least one of the adsorbents is comparatively weak, i.e., NaX, and the other is comparatively strong, i.e., LiX. Another 
embodiment of the Invention is a PSA prepurifier having a bed of adsorbent material which comprises a mixture of 
adsorbents, or composite of adsortaent particles wherein each particle comprises at least two adsorbents, at least one 
55 of the adsorbents being comparatively strong, i.e.. NaY and at least another of the adsori3ents being comparath/ely 
weak, l.e., activated aluminum. 

[0006] The adsorisent Is often the key to the effectiveness of oxygen production processes. Therefore, much attention 
has been gh^en to the development, improvement and manufacture of adsorbents. For example, specialized zeolite 
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adsorbents have been synthesized through ion exchange, lower Si/AI structures and improved activation procedures. 
These additional and/or improved manufacturing steps have resulted in higher costs for these specialized adsorbents 
(e.g., UX) compared to more common adsorbents (e.g., 5A and 13X). In many processes, the adsort>ent has become 
a significant fraction of the overall capital investnent. Thus, there Is considerable Incentive to reduce the cost of the 
5 adsorbent If doing so results in an overall reduction In the cost of the desired product of the separation. 

[0009] Accordingly, there is a need for allernative systems for separating oxygen from gas mixtures, such as air, 
wherein the systems optimize the productivity of relatively Inexpensive adsorbents to renderthe systems economically 
competitive with state of the art systems employing more sophisticated but expensive adsorbents. 
[0010] All references cited herein are incorporated herein by reference in their entireties. 

to 

BRIEF SUMIVIARY OF THE INVENTION 

[001 1 1 The invention provides a process for producing an oxygen enriched product from a feed gas containing oxygen 
and nitrogen. The process comprises: (a) providing a gas separation apparatus having at least one bed containing a 

IS physical mixture of at least two different nitrogen selective adsorbents, wherein the at least one bed is free of lithium 
cations; (b) feeding a feed gas containing oxygen and nitrogen into the gas separation apparatus to contact the at least 
one bed; and (c) recovering fram the gas separation apparatus the oxygen enriched product The process Is preferably 
perfomied above ambient temperature and/or in a simplified four-step VSA/PSA cycle. The cycle Includes: (a) feeding 
a feed gas containing oxygen and nitrogen Into a gas separation apparatus to contact at least one bed of the apparatus 

20 with the feed gas, wherein the feed gas is at a temperature atjove ambient, e.g., from about 40'C to about 1 00"C; (b) 
countercurrently evacuating the at least one bed following the feeding; (c) countercurrently purging the at least one 
bed with the oxygen enriched product under vacuum; and (d) simultaneously pressurizing the at least one bed with a 
countercurrent stream of the oxygen enriched product and a cocurrent stream of the feed gas. 
[0012] Also provided are an apparatus for performing the process of the invention and a process for producing an 

-25 oxygen enriched product from a feed gas containing oxygen and nitrogen using the four-step cycle and elevated tem- 
perature with lithium-containing and/or lithium-free beds. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DIRAWINGS 

30 [D013] The.lnvention will be described in conjunction with the following drawings wherein: 

Figs. 1 , 2 and 3 are graphs of N2 capacity versus adsorption pressure. 

DFTAILED DESCRIPTION OF THE INVEI^ION 

35 

[0014] While various techniques exist to separate nitrogen from oxygen, the inventors are not aware of the use of 
mixed adsorbents in the adsorber column which completely exclude the use of a lithium exchange cation, and higher 
feed temperature, or simpler process designs. 

[0015] There is a need for a vacuum swing adsorption/pressure swing adsorption (VSA/PSA) system and process 
^ that reduces the cost of adsorption processes. This need can be rnet by Improving adsorbent efficiency and/or by 
reducing the cost of the adsorbent. Improved adsori3ent efficiency means greater adsorisent effectiveness for the de- 
sired separation. 

[0016] While conventional zeolite molecular sieves associated with lithium exhibit a highly desirable capacity and 
selectivity toward the adsorption of nitrogen from air, It has been found that less costly mixtures of at least two low to 

45 moderate nitrogen selective adsorbents, such as 2eoiltes containing monovalent and divalent cations which include 
calcium, sodium, barium, strontium, magnesium, and cesium, can also be used for the desired selective adsorption of 
nitrogen from feed air. and the recovery of oxygen as the desired product gas at a reduced or comparable cost. Other 
low cost nitrogen selective zeolitic adsorbents suitable for use in the present invention are exchanged X, exchanged 
A, and mordenite zeolites, such as NaX, 5A, Na-Mordenite, CaX and CaLSX. 

so [0017] In preferred embodiments, the separation of nitrogen from oxygen is achieved through the use of a mixture 
of at least two different low to moderate nitrogen selet^ive adsorbents mixed together. The tenn "mixture" as used 
herein means a physical intennixture of ingredients (e.g., a homogeneous blend of adsorbent particles) eis opposed 
to a heterogeneous assembly of Ingredients (e.g., layers of different adsorbents) inside the adsorber. The mixture can 
be a composite of adsorit)ent particles or a mixture of independent adsorisent particles. The mixture preferably contains 

ss from about 20% to about 80% by weight of a first adsorbent and from about 80% to about 20% by weiglit of a second 
absorit)ent The mixture more preferably contains about 50% by weight of each of the two adsorbents. It has been 
found that the use of mixed adsori^enls. Instead of a single adsorbent, can produce oxygen at a competitive cost. 
[0018] The mixture is preferably free of lithium ion exchanged zeolites, such as LiX. Accordingly, the bed is preferably 
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free of lithium cations. 

[001d] Additionally, it has been found that the use of a higher feed air temperature than ambient, e,g., from about 
40°C to about 1 00"C, can significantly alter the air separation process peffonnance in order to produce cost-competitive 
oxygen product using relatively inexpensive adsorbents. This method can aiso be used In conjunction with a relatively 
5 simple process design (i.e., a four-step cycle), which results in a single adsorber, single air blower-vacuum pump 
combined system which produces oxygen at a competitive cosL 

[0020] The invention will be illustrated in more detail with referenca to the foliowing Exarriples, but it should be un- 
derstood that tfie present Invention is not deemed to be limited thereto. 

10 EXAMPLES 

[0021] Simulations were performed to study the cost of production by VSA using pure gas adsorption data for N2 
and O2 on various zeolites. The relative costs were developed for a 60 TPD contained unit producing go-92% O2 
at a pressure of 10 psig. The inventors evaluated the process perfonnance of (a) several single zeolites (ISJaX, CaX. 
15 5A, Na-mordenite, CaLSX and LiX), (b) several mixed zeolites (LiX + NaX, CaX + NaX) where an Intimate mixture of 
zeolites at the particle level (not layered) was used, and (c) operating the VSA-Og process using a hot feed air In order 
to raise the average adsorbent temperature during the process steps. The commonly used eight-step VSA Og process 
(mmimum two beds) as well as a simpler four-step VSA-Og process using a single bed and a single air blower/vacuum 
pump combine were evaluated. 

20 [0022] As a resuft of this evaluation, ft was detennined that LiX zeolite offers the best perfonnance for Og production 
under commonly used VSA-Og process design conditions (highest O2 productivity and lowest power) due to its high 
N2 working capacity and selectivity and low Ng Henry's Law constant and that the perfonnance advantage of LIX zeolite 
is compromised by its relatively higher cost. Ail other zeolites yielded competitive O2 product costs when used with 
the commonly used VSA-Og process because of their relatively lower costs. It was also determined that a mixed ad- 

^ sorbent system allows alteration of effective N2 and O2 adsorption characteristics by design, which in turn provides 
large flexibility In process performance. TTiese systems are also cost competitive with LiX based systems. 
[0023] Table 1 illustrates examples of the adsorptive properties of various ion-exchanged zeolites of different frame- 
work structures (commenclally developed) used for practical air separation processes. |-iigh nitrogen working capacity, 
high nitrogen selectivity over oxygen, and low heat of adsorption of nitrogen generally lower the specific adsorbent 

30 inventory for a given oxygen production capacity and give higher oxygen recovery from the feed air. Lower Henry's 
Law constants for nitrogen and lower heats of adsorption for N2 generally reduce the evacuation power for desorption 
of N2 in a VSA-O2 process. 

[0024] Table 1 lists adsorbents In chronological order of development of zeolites for air separation. The working 
capacity increases and then levels off, the selectivity of adsorption of Ng over O2 Increases and then levels off, and 
35 the heat of adsorption of Ng increases and then levels off. On the other hand, the Henry's Law constant for N2 Increases 
and then decreases for LiX. Thus, LiX is currently the preferred material for production of O2 because it provides the 
most desired properties. However, LiX is also the most expensive adsorbent listed. 



Table 1 



Example 
No. 


Adsorbent 


Relative 
Cost 


N2 Working 
Capacity 


N2/O2 
Sefectlvity 


N2 Isosteric 
Heat 


N2 Henry's 
Law 

Constant 


$/lb 


moJes/kg 


Kcal/mole 


mo\es/kgf 
atm 


1 


ISlaX 


1.00 


0.110 


2.9 


4.3 


0.297 


2 


5A 


1.07 


0.170 


3.8 


5.7 


0.522 


3 


Na-Monienite 


2.67 


0.216 


4.0 


6.2 


0.962 


4 


CaX 


1.27. 


0.252 


10.9 


7.1 


3.606 


5 


CaLSX 


2.33 


0.387 


12.7 


6.9 


4.033 


6 


LIX 


3.70 


0.342 


10.2 


6.7 


1.982 



^Isothermal N2 working capacity at 30*C: 
Adsorption of air at 1 atm 
Evacuation to 0.3 atm 
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[0025] The performance of a commonly used VSA-Og process for production of 90-92% oxygen from ambient air 
using the zeolite adsorbents of Table 1 was simulated using experimentally measured N2 and O2 adsorption charac- 
teristics on these materials. The commonly used VSA-O2 process consisted of eight cyclic steps: (a) feed airflow with 
O2 enriched product withdrawal, (b) feed air flow to provide O2 enriched purge gas, (c) cocun'ent depressurization to 
s. provide purge gas» (d) cocurrent depressurization to provide pressurizatlon gas, (e) countercurrent evacuation, (f) 
countercurrent purge with O2 enriched gas under vacuum, (g) countercurrent pressurization with O2 enriched gas and 
(h) cocurrent feed pressurization. 

[0026] Table 2 shows the simulated separation performances for different zeolites, it may be seen that the O2 pro* 
ductivity (mlb moles of O2 produced/lb of zeolite/cycie) and the specific power for the product (KW/TPO contained Og) 
10 substantially vary from zeolite to zeolite, but the relative costs of oxygen product ($/ton) is very insensitive to the choice 
of the adsorbents. 

[0027] The results in Table 2 illustrate that the LiX zeolite has the highest oxygen production capacity and the lowest 
power requirement, but its higher price compromises these apparent advantages to give similar oxygen cost as other 
zeolites. Also, as evidenced by Table 2, other materials, such as NaX or CaX, compete well with UX because they are 
15 less expensive than LiX. 



Table 2 



Example 
No. 


Adsorbent 


O2 Productivity 


O2 Recovery 


Relative Specific 
Power* 


Relative 

C06t 


(mlb moles/lb/cycle) 


(%) 


(KW/TPDc) 


1 


LiX 


0.0597 


70.0 


1,00 


1.00 


2 


NaX 


0.0304 


52.5 


1.18 


1.04 


3 


CaX 


0.0371 


59.4 


1.18 


1.03 . 


4 


CaLSX 


0.0495 


64.8 


1.09 


1.01 



' Adsorption Pressure » 1 35 atm, 

Rnal Oesoiption Pressure b 0323 atra 

Feed Temperahiie = 97° F, Product compressed to 10 psig 

[0028] The inventors noted that even though adsorption isotherms are strikingly different on these zeolites (as 
shown by Fig. 1), such disparity in isothenn shapes does not create any meaningful difference in the O2 production 
cost using today's zeolite cost structure. 

P029] The above unexpected results led the inventors to invent (a} several different ways of altering the N2 and O2 
adsorption isothenn shapes and thereby obtain O2 production costs which are competitive with the current costtor the 
commonly used VSA-O2 process using the LIX adsorbent, and (b) several different ways of operating simpler and less 
capital intensive VSA-O2 processes than the present complex VSA process in order to match the current cost of Og 
production. 

[0030] First, the Inventors discovered that the effective shapes of N2 and O2 adsorption isotherms can be altered by 
design using a packed bed of Intimately mixed (not layered) particles of two or more different zeolites. This will Introduce 
a synthetic adsorbent heterogeneity and change the effective adsorption isotherms, N2 selectivlties over O2 and heats 
of adsorption for the air separation process. For example, the pure gas adsorption isotherms of a composite adsorbent 
bed will be given by the weighted averages [(weight % of a type) X (adsorption capacity of that type)] of the isotherms 
of each type of adsorbent present in the mixture. 

[0031] Fig. 2 shows the composite N2 isotherms for 50% LiX + 50% NaX and 50% CaX + 50% NaX mixtures. As 
Illustrated in Fig. 2, drastic changes in isotherm shapes can be created (compared to single adsorbents) by mixing 
different adsorbents. It was also observed that the corresponding unit cost.of the mixed adsorbent is significantly less 
than that of single adsorbents. 

[0032] Table 3 illustrates the simulated performance of a conrunonly used VSA-O2 process using the above described 
mixed adsorbents. The operating conditions of the processes are the same as those used for generating the data of 
Table 2. It may be seen that even though the mixed gas adsorbents exhibit lower Og productivity and higher specific 
power, the O3 production cost is comparable with that of LiX due to the less expenshfe cost of NaX and CaX zeolites. 
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Table 3 
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Example 
No. 


Adsorbent 


O2 Productivity 


O2 Recovery 


Relative Specific 
Power* 


Relative O2 
Cost 


(mtbmoles/lb/ 
cycle) 


(%) 


(KW/TPDc) 


1 


LiX 


0.0597 


70.0 


1.00 


1.00 


2 


50%LiX+ 50%NaX 


0.0491 


65.0 


1.02 


0.99 


3 


50% CaX+ 60% 
INJaX 


0.0353 


67.3 


1.16 


1.02 



* Same operating conditions as those for Exampta 2. 



[0033] Secondly, the Inventors have discovered that the shapes of the and Og adsorption Isotherms can also be 
altered by changing the effective adsorbent temperature within the adsorbers during the air separation process steps. 
This can be achieved by increasing the feed air temperature above ambient, e.g. from about 40^0 to about 100*C. 
[0034] Fig. 3 shows the adsorption isotherm of CaLSX zeolite at 1 40*F (60'C) and compares It with the N2 isotherm 
of UX at 30°C. As illustrated by Fig, 3, the Henry*s Law constant of CaLSX becomes similar to that of LIX (30°C) at 
60*'C. Table 4 demonstrates the perfomnance of a commonly used VSA-O2 process at 140° F (SO^'C) feed temperature 
using CaLSX. CaLSX fs a highly nitrogen selective binderiess exchange X zeolite adsorbent. At a temperature above 
ambient, e.g.. from about 40*0 to about 100*0, the inventors discovered that the process performance and Og costs 
of CaLSX are comparable with those for LIX. 



Table 4 
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Example 
No. 


Adsorbent 


Feed Gas 
Temperature 


O2 

Producthrity 


O2 Recovery 


Relative 
Specific 
Power* 


Relative O2 
Cost 


(OF) 


(mlbmoles/lb/ 

cycle) 


(%) 


(KW/TPDc) 


1 


LiX 


97.0 


0.0597 


70.0 


1.00 


1.00 


2 


CaLSX 


140.0 


0.0557 


68.9 


1.03 


0.98 


3 


50%CaX-i- 
50% NaX 


140.0 


0.0339 


58.0 


1.16 


1.03 



* Same operating conditions as used for the cases of table 2 except the feed gas temperabiie. 



40 [0035] The data in Table 4 indicate that the effective Ng and Og adsorption characteristics can also be altered by 
using higher temperature (above ambient) air feed to the VSA-O2 system. This approach can be used to obtain process 
perfomiance which is very similar to that for LiX by using less expensive adsorbents. This option may be particularty 
attractive because the currently required feed gas cooling step after the air blower used in a single bed VSA system 
using a highly selective nitcogen adsorbent can be eliminated. 

4S [0036] Additionally, concepts described above In Tables 3 and 4 (i.e., Intimately mixed adsorbents and high feed 
temperature) can be used in conjunction with a simpler VSA cycle which eliminates the need for the use of multiple 
beds. Thus, a single bed, single blower-vacuum pump combine can make the process simpler yet cost effective. The 
impact of changing materials and process design on the cost of Og product are not significant partly because (a) higher 
O2 productivity generally accompanied by higher power which compensate each other and (b) adsorbents which give 

so better perfomnance are also more expensive which neutralizes the perfomiance advantage. Thus, less expensive 
commercial adsortsents can be used for competitive O2 cost production when used with a discreet process design. 
[0037] A concept for economic production of 80-95% oxygen from air was developed by using a VSA process cycle 
where a combination (physical mixture or composite) of two or more nitrogen selectfve adsorbents (having low to 
moderate nitrogen adsorption selectivity and capacity) used in conjunction with a variety of process cyde designs and 

55 elevated air feed gas temperatures. The net oxygen product costs Irom such a system is lower than or equivalent to 
that obtained by using an expensive high performance adsorbent, such as LIX. with high nitrogen adsorption selectivity 
and capacity. 

[0038] The above described use of mixed adsorbents with or without higher feed air temperature In changing the 
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effective shape of the and O2 Isotherms can also be used In conjunction with simple (four-step cycle) VSA-O2 
processes for lowering the cost of O2 production. The eight-step commonly used VSA-O2 process requires at least 
two parallel adsorbent beds in tandem in order to provide the Internal purge and pressurizatlon gases. The simpler 
four-step VSA-O2 process for producing an enriched product comprises: (a) feeding a feed gas (preferably air) into 
a PSA or VSA bed; (b) countercurrent evacuation of said bed, (c) countercun-ent purge of said bed with Og product 
under vacuum, and (d) simultaneous pressurization of said bed with Og product (countercurrent) and feed air (cocur- 
rent). This simpler four-step cycle process can be operated using a single adsorber and a single combined-air blower 
and vacuum pump at a lower capital cost, because there are no steps where gas communication between two adsorbers 
are needed. 

[0039] Table 5 shows the comparative performance of the above described simpler four-step cycle VSA-Og using 
CaX zeolite at a feed air temperature of 140'>F (eo^'C). The O2 production costs is very competitive with that for the 
commonly used VSA-Og process using LiX zeolite. 



Table 5 



15 


Ex. No. 


Process 


Adsorbent 


Feed GUis 
Temperature 


O2 

Productivity 


O2 

Recovery 


Relative 
Specific 
Power* 


Relative 
O2 Cost 


20 










(mibmoles 
/lb/cycle) 


(%) 


(KW/TP 
Cd) 






1 


Commonly 
Used VSA* 
(Sstep cycle) 


LIX 


97.0 


0.0597 


70.0 


1.00 


1.00 


25 


2 


Simple-VSA** 
(4-3tep cycle) 


CaX 


140.0 


0.0337 


41.3 


1.43 


1.026 




3 


Simple-VSA** 
(4-step cycle) 


50%CaX+ 
50%NaX 


97.0 


0.0317 


40.9 


1.39 


1.04 


30 


4 


Sinple-VSA** 
(4-step cycle) 


50%CaX+ 
50%NaX 


140.0 


0.0291 


40.2 


1.36 


1.06 



* Same operating conditlana as those lor Table 2. 

AdGoiptten fsreesuro » 1 ^5 atm 
Final desoipOon pressure s 0.40 atm 



[0040] The above demonstrates that N2 and adsorption Isothemns for air separation can be manipulated In various 
ways by using mixed adsorbents and/or using higher feed air temperature In order to produce a cost effective O2 
product which is competitive with the commonly used VSA O2 process using LiX zeolite as the adsorbent. This is a 
surprising result. The flexibility created by the choice of pure or mixed adsorbents and operating conditions can also 
be utilized with a simpler four-step cycle VSA-Og process which can be operated using a single adsorber and a single 
air blower-vacuum pump combination which also results in a competitive oxygen cost. 

[0041] The above described results also show that many commercially available and less expensive adsorbents, 
such as NaX, CaX, and 5A, or their combinations in conjunction with many different VSA-O2 processes of simpler 
designs and operating protocols can be used to produce an O2 product which competes well with the commonly used 
VSA-O2 process costs. 

[0042] The present Invention has been setforth with regard to several preferred embodiments, however the full scope 
of the present Invention should be ascertained from the claims which follow. 



Claims 

1 . A process for producing an oxygen enriched product from a feed gas containing oxygen and nitrogen, said process 
comprising: 

providing a gas separation apparatus comprising at least one bed containing a physical mixture of at least two 

different nitrogen selective adsorbents, 

wherein said at least one bed is free of lithium cations; 

feeding said feed gas into said gas separation apparatus to contact said at least one bed; and 
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recovering from sajd gas separation apparatus said oxygen enriched product. 

2. The process accoixiing to claim 1, wherein said feed gas is air. 

5 3. The process according to claim 1, wherein said mixture Is a composite of adsorbent particles or mixture of inde- 
pendenL adsorbent particles. 

4. Theprocess according to claim 1 , wherein said mixture is a homogeneous mixture of adsorbent particles. 

10 5. The process according to claim 1 , wherein one of said two different nitrogen selective adsorbents Is a zeolite. 

6. The process according to claim 5, wherein said zeolite contains a monovalent cation or a divalerrt cation. 

7. The process according to claim 1 . wherein said two different nitrogen selective adsorbents are two different mem- ' 
IS bers selected from the group consisting of sodium, calcium, barium, strontium, magnesium, cesium, exchanged 

X zeolite, exchanged A zeolite, and mordenite zeolite. 

8. The process according to claim 1 , wherein said mixture contains from about 20% to about 80% by weight of a first 
of said two different nitrogen selective adsorbents, and from about 80% to about 20% by weight of a second of 

^ said two different nitrogen selective adsori^ents. 

9- The process according to claim 7. wherein said mbcture contains about 50% by weight of each of said two different 
nitrogen selective adsori?ents. 

25 10. The process according to claim 1, further comprising providing said feed gas at a temperature above ambient. 

11. The process according to claim 10, wherein said temperature is from about 40*'C to about 100'C. 

12. The process of claim 1 , further comprising: 

30 

countercurrently evacuating said at least one bed following said feeding; 

countercun-ently purging said at least one bed with said oxygen enriched product under vacuum; and 
simultaneously pressurizing said at least one bed with a countercurrent stream of said oxygen enriched product 
and a cocurrent stream of said feed gas. 

35 

13. The process according to claim 12, further comprising providing said feed gas at a temperature above ambient. 

14. The process according to claim 13, wherein said temperature is from about 40**C to about 100°C. 
^ 15. A process for producing an oxygen enriched product, said process comprising: 

providing a gas separation apparatus comprising at least one bed; 

feeding a feed gas containing oxygen and nitrogen into said gas separation apparatus to contact said at least 
one bed, wherein said feed gas Is at a temperature above ambient; 
^ countercurrently evacuating said at least one bed following said feeding; 

countercun-ently purging said at least one bed with said oxygen enriched product under vacuum; 
simultaneously pressurizing said at least one bed with a countercurrent stream of said oxygen enriched product 
and a cocurrent stream of said feed gas; and 

recovering from said gas separation apparatus said oxygen enriched product. 
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16. The process according to claim 15, wherein said temperature is from about 40''C to about 10O°C. 

17. The process according to claim 1 3, wherein said at least one bed contains a mixture of at least two different nitrogen 
selective adsorbents, and Is free of lithium cadons. 

18. A gas separation apparatus adapted to perform the process of claim 1 . 

1 9. The gas separation apparatus of claim 1 8, comprising a single adsorijer and a single combined air blower-vacuum pump. 
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(54) Oxygen production by adsorption 

(67) A process for producing an oxygen enriched 
product Includes: (a) providing a gas separation appa- 
ratus having at least one bed containing a mixture of at 
least two different nitrogen selective adsorbents, where- 
in the at least one bed Is free of lithium cations; (b) feed- 
ing a feed gas containing oxygen and nitrogen into the 
gas separation apparatus to contact the at least one 
bed; and (c) recovering from the gas separation appa- 
ratus the oxygen enriched product. The process Is pref- 
erably performed above ambient temperature and/or In 
a simplified four-step cycle. The cycle includes: (a) feed< 



Ing a feed gas containing oxygen Into a gas separation 
apparatus to contact at least one bed of the apparatus 
with the feed gas, wherein the feed gas is at a temper- 
ature above ambient; (b) countercurrently evacuating 
the at least one bed following the feeding; (c) counter- 
currently purging the at least one bed with the oxygen 
enriched product under vacuum; end (d) simultaneously 
pressurizing the at least one bed with a countercurrent 
stream of the oxygen enriched product and a cocurrent 
stream of the feed gas. 



CO 
< 

(D 

o> 

O. 



Printed toy Jouve. 76001 PARIS (pR) 



BNSOOCID: <EP 1214S64A3.L> 



EP 1 214 964 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Ap|>(lcatton Number 

EP 01 12 9302 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation 0* document with mdication. whfiie approprfate. 

of ^etevant passages _ 



Relevant 
todatm 



CLASSIFICATION OP THE 
APPLICATION (lnt>CI.7) 



EP 1 004 342 A (AIR PRODUCTS AND 
CHEMICALS) 31 May 2000 (2000-05-31) 

* the whole document * 

EP 1 004 341 A (AIR PRODUCTS AND 
CHEMICALS) 31 May 2000 (2000-05-31) 
the whole document ^ 

EP 1 027 914 A (AIR PRODUCTS AND 
CHEMICALS) 16 August 2000 (2000-08-16) 

* the whole document * 



1-19 



1-19 



1-19 



B01D53/04 

B01D53/047 

C01B13/02 



The presanl search report has been drawn up tor all dalms 



Ptaee of search 

THE HAGUE 



OaI« 9I eotiplefcon d Ihv mbiC 

17 March 2003 



TECHNICAI. RELOS 
SEARCHED (lnl£l,7) 



601D 
COIB 



Bogaerts, M 



CATEGORY OF CITED DOCUMENTS 



X : paiticuiariy relsvani U laken alorie 

Y : partlcuiafty rolovani R combined with anolh«r 

aocumeni or ihe same category 
A : technological background 
O: non-wrfltefl<flsclosure 
P ifUermediale ijocuineiil 



T : iheory or princ^ underiyirtg the mention 
E : eariier patent documenl. bul publteted on. or 

after the ruing dale 
O : documenl caed in Ihe af»pllc«Uun 
L : documenl cited for other leasona 



A : member of Hie same patent famiV. conespomftig 



2 



.1214864A3J_> 



EP 1 214 964 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 9302 



This annex fisis the patent (amily members raiaUng to the paient documents died In the above-men tJoned European search report. 
The members are as contained In ttie European Patent Office EDP file on 

Ttie European Patent Oirice is In i\o way liable tor these particulars which are merely given tor the purpose of hformation. 

17-03-2003 



Patent document 
died in search npai 



PubDcaton 
date 



Patent family 
member(s) 



PubllcaUon 
date 



EP 1004342 



31-05-2000 



EP 1004341 



EP 1027914 



31-05-2000 



US 
BR 
EP 
EP 
JP 
JP 
ICR 
TW 

US 
US 
EP 
EP 



6146447 A 14-11-2000 

9905720 A 29-08-2000 

1004342 A2 31-05-2000 

1018359 A2 12-07-2000 

3310249 B2 05-08-2002 

2000157828 A 13-06--2OOO 

2000052370 A 25-08-2000 

436316 B 28-05-2001 



6102985 A 
6096115 A 
1004341 A2 
1016359 A2 



16-08-2000 



US 
BR 
EP 
TW 



6183538 81 
0000252 A 
1027914 A2 
467759 B 



15-08-2000 
01-08-2000 
31-05-2000 
12-07-2000 



06-02-2001 
26-09-2000 
16-08-2000 
11-12-2001 



ui f-oi more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



BNStXXI[> <EP. 



.t214864A3J.> 



